INTRODUCTION
Cyanobacteria are photosynthetic prokaryotes which have many characteristics that make them useful for the study of a variety of biological processes. The photosynthetic apparatus of cyanobacteria is very similar to that of higher plants, comprising both photosystem I and photosystem
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II [1] . The unicellular strains Synechococcus sp. PCC 7942 and Synechocystis sp. PCC 6803 have been extensively exploited for the study of photosystem II [2] [3] [4] [5] . Analysis of photosystem I is likely in the near future with the development of genetic systems for the filamentous chemoheterotrophic strains, Nostoc sp. Mac [6, 7] and Nostoc sp. ATCC 29150 [8] . The filamentous strain, Pseudanabaena sp., has been used for the study of phycobilisome structure in this chromatically adapting strain [9] . The physiology and genetics of nitrogen fixation have been extensively studied in heterocyst forming strains such as Anabaena sp. PCC 7120 [10] and Anabaena variabilis ATCC 29413 [11] , while the non-heterocystous strain, Anabaena sp. M-131, has been particularly useful for the development of gene transfer systems in filamentous cyanobacteria [12, 13] .
Most cyanobacteria grow well in the laboratory both in liquid culture and on agar-solidified media. Because some strains do not produce colonies from single cells with high efficiency on agar-solidified media, various modifications of procedures for the preparation of solid media have been developed in different laboratories [14, 15] . We present data on the effect of some commonly used solidifying agents and additives to the medium on the efficiency of colony formation of some cyanobacterial strains.
MATERIALS AND METHODS

Strains and media
The strains used in this study were Anabaena The recipes and preparation for the various media are given in Tables 1 and 2 . All media were autoclaved in 1 liter batches at 121°C for 20 rain and cooled to 50 °C prior to pouring plates. Each 100 mm plastic petri dish contained approximately 30 ml of medium. All media for each trial were prepared at the same time and stored in sealed plastic bags at 4°C until used. In each trial a new batch of media was prepared.
Experimental design
Seven strains of cyanobacteria were grown on five types of media (H, D, DT, GG, GR; Table 2 ) in a complete factorial design. The design was repeated 3 times (trials) at approximately 8 week intervals. Three additional types of media (HT, HTT, DTT; Table 2 ) were included in trials 2 and 3. Each treatment combination in each trial was replicated 3 times (2 times to trial 2), for a total of 385 plates (105 in trial 1, 112 in trial 2, and 168 in trial 3). The effects of media were analyzed separately for each species by fixed effects, single factor, randomized blocks analysis of variance. Pairwise comparisons were performed by the Tukey test [16] . Data were evaluated for variance heterogeneity, and log transformed [log(x + 1)] when necessary [16] .
Preparation and plating of cells
Liquid cultures of each strain were grown in BG-11 liquid medium ( [17] , Table 1 ) (50 ml of culture in a 125-ml flask) with shaking at 100 rpm at 30 °C under cool white fluorescent lights at an intensity of 50 ptEinsteins m -2 s -1. Cultures were grown to mid log phase (2-5 × 107cells ml 1) for preparation for plating experiments. Cells of un- Table 2 )] use twice as much of each concentrated stock solution.
icellular strains were quantitated by microscopic count in a hemocytometer. Cells of filamentous strains were fragmented to very short filaments (average length of < 2 cells per filament) by bath cavitation [18] . They were washed twice in BG-11 liquid medium and counted in a hemocytometer. Based on the approximate cell numbers obtained by counting, the samples were diluted to 3 × 103 colony forming units (cfu) per ml in BG-11 liquid and 0.1 ml aliquots were spread with a sterile glass rod on 2 or 3 plates of each of the media to be tested in that trial. Plates were incubated under the light and temperature conditions described above until colonies formed, generally in about 4-6 days.
RESULTS AND DISCUSSION
All strains tested were able to produce colonies on all of the media. The results of the statistical analysis of media type on colony number is presented graphically in Fig. 1 . Only the data for Pseudanabaena sp. required log transformation. Medium DT (Table 2) was the best for 4 of the 7 strains, while medium GR (Table 2 ) gave the highest number of colonies for 2 strains. The overall pattern of growth for all strains by medium is shown in fig. 2 . Medium H gave significantly fewer colonies than all other media (P < 0.05; Tukey). The addition of thiosulfate significantly increased colony formation for both medium H and medium D (p < 0.05; Tukey). The addition of TES buffer produced no significant improvement, and in both cases resulted overall in a slight reduction in the mean number of colonies produced. TES is routinely added to BG-11 agar media in many laboratories to increase the buffering capacity and to increase the pH slightly so that there is less precipitation of phosphate salts from the 2 × stock during autoclaving (this is less of problem for 1 x BG-11, used in liquid medium). Although agar is the most commonly used solidifying agent, others such as Gel Gro or Gel Rite [19, 20] may be useful for particular strains. Overall there was no statistically significant difference between agar media with thiosulfate versus Gel Gro or Gel Rite (which were quite similar to each other); however, some of the strains grew somewhat more slowly on these alternate gelling agents. These agar-like polysaccharides are very clear and are thermostable; however, their gelation requires cations, preferably divalent [19] . At the concentration of cations used in these experiments (Table  1) , 0.75% Gel Gro or Gel Rite produced a slightly soft surface suitable for spreading of cells but slightly too soft for streaking with a metal loop. The .addition of more gelling agent (0.8%) or the addition of MgC12 to a final concentration of 0.05% increased the strength of these gels so that they were suitable for streaking. The solidification of these agents when mediated by high concentrations of divalent cations (> 0.05%) is not readily reversed by heating the medium; therefore, sterile media should be cooled to 60°C and poured immediately. A possible advantage of these agents is that the medium is exceptionally clear and colonies are very easy to see.
Based on these results, we recommend that media be solidified with Difco agar made as a 3% stock, autoclaved separately and mixed 1:1 with sterile 2 x liquid medium. The addition of thiosulfate to media is also recommended since, overall, it did increase the efficiency of plating. The addition of buffer did not increase overall plating efficiency in these experiments; however, the effect of buffer on plating efficiency may depend on the pH, or variations in pH, of the water in particular laboratories. Except for the increased cost, there is no disadvantage in including TES buffer in the medium.
ADDENDUM
Since this project was completed, Difco Bacto agar has become very difficult to obtain., Therefore, we performed experiments similar to those described above testing the plating efficiency of 4 of the cyanobacterial strains on other brands of agar. The media in these experiments were prepared as described for Dq-~F (Table 2) ; however, various brands of agar we used. Cells were prepared for plating exactly as described above in MATERIALS AND METHODS. The four strains tested were Anabaena sp. PCC 7120, Anabaena uariabilis ATCC 29413, Nostoc sp. ATCC 29150, and Synechococcus sp. PCC 6803. The brands of agar tested were Difco Bacto (the same brand tested in the experiments described above) Difco BiTek, Difco Purified agar, BBL agar (Becton Dickinson, Cockeysville, MD) and Scott agar (Scott Laboratories, Summitt, MO). The plating efficiency of all four strains was good and very similar on Bacto Difco and on Scott agar. BBL agar and Difco BiTek agar gave very similar results: all strains except Anabaena sp. PCC 7120 produced colonies on both these brands; however, the colonies were fewer, smaller, and grew much more slowly than on DTT prepared with Difco Bacto or Scott agar. Anabaena sp. PCC 7120 produced little or no growth on BBL or Difco Bitek agars. All 4 strains grew very poorly, or not at all on Difco Purified agar.
